A quantitative analysis of morphine and codeine in human urine was performed after oral intake of cakes containing commercially available poppy seeds in order to estimate the possibility of positive doping results. Therefore, eight products from different manufacturers (poppy seeds or baking mixtures) and origin were obtained and analyzed by gas chromatography-mass spectrometry for the presence of the alkaloids. One selected batch of poppy seeds was used as an ingredient in a typical cake and was the object of an excretion study with nine volunteers. After application, several urine specimens contained morphine with concentrations higher than 1 pg/mt, and peak values of approximately 10.0 pg/mt were detected. Because the International Olympic Committee set a culoff limit for morphine at 1 pg/mL, high-performance alhleles could possibly test positive in doping control after consumption of products containing poppy seeds.
Introduction
Since 1968, the International Olympic Committee (IOC) has prohibited doping substances and methods; this change was initiated by the sudden death of cyclist Tom Simpson in 1967 during his participation in the Tour de France. The first list of banned substances contained the classes of amphetamines and narcotics such as morphine, which were already tested for in 1968 in Mexico City (Olympic summer games) and Grenoble (Olympic winter games) (1) . In 1996, the International Amateur Athletic Federation (IAAF) first officially mentioned a cutoff limit for morphine concentrations in human urine of 1 pg/mL (2) , and the IOC added this limit to its medical code in 1998 (3). This was based on studies showing a possible occurrence of morphine caused by the metabolism of allowed medicines containing codeine (4) and other investigations proving the presence of alkaloids in commercially available poppy seeds with alkaloids including morphine and codeine (5-10).
gins were obtained commercially in supermarkets, health food shops, or bakeries and tested for traces of a possible content of morphine and codeine. In Table I , the individual data concerning origin, country, and morphine concentration are summarized. Every charge contained morphine and codeine and especially one (number 3) showed high amounts of morphine with 151.6 lag/g of poppy seeds. The analysis of a second package of the same batch number lead to comparable results while other batches of the same manufacturer contained only low amounts of 1.1 lag/g. The codeine values of all products were negligible.
Excretion study with poppy seed cake
The batch containing high concentrations of morphine (number 3, Table I ) was used as ingredient for a typical poppy seed cake, and 9 healthy volunteers aged 25-48 (2 females and 7 males, Table II ) consumed different numbers of pieces. Because of precise preparation of single cake pieces the amount of applicated poppy seeds was known, and thus the amount of orally administered morphine was also known. In Table II , the consumption of poppy seeds and morphine by the different volunteers is listed.
The qualitative evidence for the presence of morphine or codeine in urine or poppy seed samples was performed by means of three diagnostic ions. The bis-TMS-derivative of mot- The complete urine of all volunteers was collected in aliquots for 24 h after consumption and a final sample was taken after 46-48 h. In Table III , the concentrations of morphine in micrograms per milliliter are presented for every urine sample collected from each volunteer. Those values above 1 IJg/mL are bolded. Because concentrations of morphine higher than 4 lag/mL of urine were not expected prior to this study, the values above 4 l@/mL are estimated, based on the prepared calibration curve.
It is obvious that every volunteer showed a positive doping result at least at two sample collections according to the IOC rules. Most participants had urinary morphine concentrations higher than 1 I~g/mL for several hours, and one volunteer (V8) showed a maximum concentration of approximately 10.0 vg/mL of urine. The 48-h urine sample from this subject still contained morphine at a concentration of more than 1 lag/mL. The determination of codeine in the collected urine samples showed concentrations of 0.06-0.82 pg/mL Several other articles published on this topic describe comparable results and findings concerning the content of morphine and codeine in commercially available poppy seeds. The reported concentrations vary from 17 to 294 lag/g (10) and are responsible for urinary morphine concentrations reaching peak values of 18 lag/mL of urine (14) . Obviously, the problem of positive morphine drug tests after the consumption of poppy seeds is present in different countries and should also be taken into consideration in doping control analyses. the so-called "poppy seed defense" of athletes is demonstrated by Cassella et al. (15) , who investigated the presence of thebaine in urine specimens of poppy seed eaters and true drug abusers.
The particular alkaloid was detected only in the case of poppy seed consumption and not after administration of morphine, codeine, or street heroin. 
Conclusions
The results of this study point out the possibility of a positive doping test according to the rules of the IOC. Athletes being selected for doping controls may be sanctioned because of urinary morphine concentrations higher than the established cutoff limit of 1 lJg/mL that are caused by the intake of food containing poppy seeds. Contamination of poppy seeds is obviously present in various amounts in many products commercially available in Germany and may be reason for the presence of morphine in urine specimens of athletes in a high concentration. The present data show that, even 48 h after the oral intake of cake containing poppy seeds, the urinary level of morphine can exceed the allowed threshold. Morphine is not one of those compounds that are administered in training periods, and thus it is not analyzed in out-of-competition tests. The consumption of poppy seed products in those out-ofcompetition time spaces might be considered as non problematic, but the long length of stay of morphine in urine samples can lead to positive doping results in competition tests up to two days after oral intake of poppy seeds, although this phenomenon was only proven in one volunteer after consumption of high amounts of poppy seeds. The presented data may be used for education of athletes concerning the possible problems arising with products containing poppy seeds. Thus, athletes should avoid such foods before and during participation at competitions.
